






























































































1st lens	(Front) 96.2 15 110.63 CYTOP	10	mm	thickness




2nd lens	(Middle) 56.17 15 64.60 PMMA‐000	10	mm	thickness
Frame	of	the	2nd lens 64.46 15 74.13
3rd lens	(Rear) 56.7 15 65.21 PMMA‐000	10	mm	thickness
Frame	of	the	3rd lens 64.46 15 74.13
Focusing	adjust	system 20 15 23.00
Total 444.19 510.82
Study Parameters
•Used loads from NASDA-ESPC-2857 Rev C
Quasi: ±3.0 g's in X and Y, ±6.0 g's in Z, ±30.0 rad/s2
rotation in all three axis
Random: ±14.188 g's assuming damping of 10, and 
frequency of 80 Hz to maximize load.
• Considered translation accelerations
• Random loads applied in all three directions simultaneously 
• Safety factors are 2.0 for Ultimate and 1.25 for Yield
• Thermal: assembly temperature of 21°C, maximum and 












Cut 1 5.62 19.3 20 20 3.56
Cut 2 6 18.2 20.4 20.4 3.4
Cut 3 5.17 15.1 15.8 15.8 3.06
Cut 4 5.32 13.7 14.3 14.3 2.69
Cut 5 5.95 10.6 11.7 11.7 1.97
Advanced Design Lens Analysis Results
Maximum 
Stress
(Pascals)
Maximum 
Displacement
(Meters)
Lens 1 Lens 3
Advanced Design Frame Analysis Results
Maximum 
Stress
(Pascals)
Maximum 
Deflection
(Meters)
Frame 1 Frame 3
Lens 1 frequency is 25.1 Hz
Advanced Design Structural Analysis Results
First Frequency Mode
Lens 3 frequency is 25.6 Hz
Advanced Design Thermal Analysis Results
Thermal range ‐20 to +40 ˚C 
Assembled at room temperature
Flexure – max stress
(Pascals)
Maximum Deflection 
of Frame due to 
Thermal
(Meters)
Maximum Deflection 
of Lens due to Thermal
(Meters)
Lens 1 Lens 3
Conclusions
•Majority of the design is showing positive safety margins
•Few areas with negative margins 
 Address in the next iteration of analysis
Many are due to the modeling
 Applying loads simultaneously is conservative
•Minor changes in design and more detailed modeling and 
analysis should produce positive margins
•The thermal and structural issues identified in the analysis are 
similar and should be resolved with the same design/model 
modifications
•The masts need to be included in the next iteration as well as 
the EP‐MP
